I. Technical Details of the Calculations and System Setup
We performed density functional theory (DFT) calculations using the VASP code. [1] Convergence criteria of 10 -6 eV per unit cell for the total energy in the electronic selfconsistent cycle, and 5×10 -3 eV/Å for minimizing the forces on the atoms when calculating local structural minima, were employed. A planewave basis (kinetic-energy cutoff: 400 eV) was used, with a 1×1×2 k-point grid sampling. This is a rather sparse grid, but is still appropriate as we have been using a relatively large super cell in all our calculations (vide infra). Furthermore, the projector-augmented wave (PAW) formalism [2] was used to treat core-valence electron interactions. Specifically, we chose the 'normal' (i.e., not 'soft'),
program-supplied PAW potentials, and treated the 5d electrons of Pb explicitly. Using 'hard' PAW potentials and increasing the cutoff energy to 700 eV changed the optimized I-H + distance in the local minimum geometry by less than 0.001 Å.
Nudged elastic band (NEB) calculations have been performed with the VTST extension of the VASP code, where we employ the climbing-image technique. [3, 4] We sampled each defect migration path with seven images, and optimized the forces on the images until they dropped below 10 -2 eV/Å. Exchange and correlation were described using the Perdew-Burke-Ernzerhof (PBE)
functional. [5] Some of us have previously shown that spin-orbit coupling (SOC) affects the structural properties of OIHPs only to a limited extent. [6] Since here we are studying hydrogen migration by calculating structural properties and mapping the energy landscape of defect geometries, we do not account for SOC in our calculations. The PBE-predicted bandgap calculated without considering SOC is then found to be in good agreement with experiment. [7] This agreement is, however, entirely coincidental because the error in underestimating the S2 gap, as expected in Kohn-Sham DFT in general, [8, 9] fortuitously cancels the error introduced when neglecting SOC. More importantly for our present purposes, PBE is known to typically describe shorter covalent and ionic bonds sufficiently accurately, but fails to capture longrange dispersive interactions that are crucial in OIHPs. [10, 11] Therefore, as mentioned in the main text, we followed our previous strategy [6] and added pair-wise dispersion interactions, computed using the planewave implementation [12, 13] of the Tkatchenko-Scheffler (TS) pairwise dispersion scheme, [14] to the PBE results.
To calculate the cross-sectional plane of the potential energy surface (PES), we sampled a slice in the ab-plane of the unit-cell of MAPbI3, defined in Figure 1b of the main text, with a uniformly-spaced grid of 100 points, and used the grid-points as defect sites in a series of total energy DFT calculations. The final PES was then computed from these total energies using a cubic-spline interpolation, and aligned to the minimum energy. Regions of relative energies that are >1 eV compared to the respective minimum energy are shown in white in Figure 2a recomputed with the HSE functional [15, 16] (HSE+vdWTS*, part a) or using the self-consistent screening procedure for obtaining dispersive corrections [17] (PBE+vdWSCS*, part b). Due to the computational expense associated with these methods, we have used the PBE+vdWTS geometries throughout. We note that the images used to sample the HSE+vdWTS and PBE+vdWSCS MEPs are therefore only valid approximately (as emphasized by the '*' superscript). Compared to results from PBE+vdWTS, the migration barrier of H + is either slightly lowered or very similar when using HSE+vdWTS* or
